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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Alr Porces, Materlel Command
AERODYNAMIC TESTS OF AN AN=M=65-AZON 1000-POUND
RADIO-CONTROLLED BOMB IN THE IMAL 16-FOOT
HIGH-SPEED TUNNEL
By E. 0. Pearson, Jr.

STUMMARY

Tests were made in the LMAL 16-foot hlgh-speed
tunnel to determine the merodynamlc characteristics
of & 1000-pound AN-M-65-AZON radio-controlled bomb at
Mach numbers ranging from 0.2 to 0.6.

Over the Mach number range covered in the tests
the hlnge-moment coefflclents, yawlng-moment coeffilcients,
and lateral-force coefflclents exhlbited no lmportant
changes with Increasing speed., The drag coefflclents
increased gradually with increasing Mach nunber but no
sudden increases were observed, The effect on the bomb
aerodynamic characteristlcs of antenna struts mounted
on the bomb tall was found to be small,

The rudder and alleron operating mechanlsms were
found to be capable of supplylng several times the
required torques for maximum control daflectlons at a
Mach number of 0.6 at sea level, The operating mecha-
nism 1s also adequate for maximum control deflectlons
at a Mach number of 1.0 provided that no appreclable
Increasses in hinge-moment coefficlent occur betwesen
M =0, and M= 1.0, However, because of uncertainty
as to the value of the hinge-moment coefficlent at or
near M = 1.0, the deslrabllity of providing more
powerful control mechanisms was indlcated.

INTRODUCTION

Tests have been conducted in the ILMAL l1l6-foot
high=-speed tunnel to determine the aerodynamic
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characteristics of a 1000-pound AN-M-65-AZON radilo-
controlled bomb, Measurements of rudde:r hinge moment,
yawing moment, lateral force, and drag were made at a
nunber of tunnel speeds up to a Mach number of about
0.6 which corresponds to a spesd of 670 feet per second
at sea levsl,

Aerodynamlc tests of a two-thirds scale mcdel cf
a similar bomh were conducted previcusly at the Daniel
Guaggenhelm Airship Institute at Akren, Ohlo. These
tests, howewver, w~sere made at low alrspeecds and, there-
fore, uncertair extrapolations of the date to the high-
speed onerating condlitlons wuvre necessary in the design
of the control mechsnlsm and in peiformance computatlons,

In éron tests of the bombs it was fcund that, whille
some ol the experirentai tombs perfcrmcd satisfactorily,
a large percentags of the production verslion failed to
respond propirly So tha control. The present invostiga-
tion was undsrtaksn principally to determine 1f the
lack of cont.,ol of the nroduction bomba was due to
adverss compressiollity effects., It was also desired
to cobtain high-specd test data uvron which to basas per-
formance calculations and the design of the control
mechanism,

The Ilnvestlizautlon was undertaken at the request
of the Army Air Forces, Materiel Command.

SYMEQL3 LND DEFINITICNS

v free-stream wveloclty, feet per second

a speed of somd@ in air, feet ner second

M Mach number (V/a)

p ma3s density of air, slugs ner cublic foot

q dynemic prressure, pounds prei sguare foot (%pV%)

My hinge wmonent ectlng on one rudder, inch-pounds
Positive hinge moments t3and to change the
rudder angle in u poslitive direction. (See
sketch 1n fi e 1 1llustrating the sign
conventions.%ur




da distance from rudder hinge axis to tralllng edge
_of rudder, .81 inches

S area of one rudder, 0.282 square foot
Cg hinge-moment coefficient (Mg/qSd)
N yawing-moment, pound-feet
Positlive yawling moments tend to change the

angle of sldeslip in a positiwve direction.
(See fig. 1l.)

F ares of maximum cross section of bomb, 1.918 square
feot
1 over-all length of bomb, 5.613 feet

Cn yawing-moment coefficlent (N/qFl)
Y lateral force, pounds

Cy lateral-force coefficlent (Y/qF)
D drag, pounds

GDF drag coefficient (D/qF)

v angle of sldeslio, cdearees

For positlive angles the bomb nose is to the
right of the line of flight,

Oq rudder angle wilth respect to the neutral posltion,
degrees
For positive angles the tralling edze 1s to the
left.

The dimensions given above, together with other
dimensions which might prove useful, are shown 1n fig-
ure 2.

DESCRIPTION OF BOMB AND APPARATUS

The AN-M-65-AZON bomb conaists of a standard
M-65 bomb cese to which ls fitted a speclal tall unit
equipped with movable control surfaces and housing a
control mechanlism capable of being operated remotely
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by redio. The bomb can he controlled only In the laft
and right or azimuth directlion, hence, the designatlon
AZON an sabbreviation of "aziimmith only." A gyroscopic-
control mechanism operates the horlzontal control sur-
faces differentially as allerons to prevent the bomb
from rolling in flight.

For these tests part cf the control apraratus was
removed from the tall and straln-gage equlipment for
measuring rudder hinge moments was installed., Since
the allerons and rudcders werse identicel, hinge-moment
data apoly equally to both. For thls reason no provision
was made for measuring alleron hinge moments directly
and the allerons were locked 1n tho neutral position
throughout the tests.

In order to facillitate installation and testing
the bomb was mounted in the tunnel in a poslitlon 90°
in roll from 1ts normel flight poaltlon so that rudders
became 2levators, yawlng mcments became pitchling moments,
etc. The results throuvgaout the renort, however, are
glven in terms consistent with the flight orlentation.

The bomb was supported on the tunnel center llne
by means of a single vertical strut 8 inches in chord
and of NACA sectlon 16-009., The strut was shielded by
a falring of the same sectlion to wlthln abcut 10 inches
cf the bomb case. In addition, four 0,030-inch wires
wore attached tc the boab to nrovide latersl support.
The wires snd surport strut wore .nounted on the balance
frame and were lncluded in ths force measurements. A
photogranh of the bomb lnstalled 1n the tunnel 1s shown
In figure 3.

The angle c¢f 31desllp of the homb was varliable
from =20° to 20° through rixsd increments by means of
an internal indexing mechanlsm while ths rudder angle
was continuously variable from -20° to 200 by mesans
of a slotted plate arrangement,

As recelved, the bombt tall was fitted with four
struts whick, in addition to serving as braces for the
tall surfeces, also served &s the radio antenna. The
struts may be seen in figure 3,



TEST PROCEDURE

The test procedure consisted of measuring rudder
hinge moment, yawlng mcment, lateral force, and drag
at a number of speeds up to a Mach number of approxi-
mately 0.6 for each combination of rudder angle and
engle of sideslip. In determining the bomb charac-
terlstlcs only the negative range of sideslip angles
(0° to =20°) was investigated in order to keep the bomb
tall outslde the wake of the support strut and its
fairing. The angular range of 00 to 20° was employed
in determining the support-strut tares., The range of
rudder angles tested was from -15° to 20°. Most of the
test runs wers made with the antenna tall struts
Installed but a few runs were made with the struts
removed for purposes of comparlison., This iInformation
on the effect of the antenna struts was specifically
requosted by the Army. The results throughout the report
are glven for the struts-installed configuration unless
otherwise speciflcally noted,

During the tests deflectlons of the bomb in the
direction of the ulr flow were measured and correctilons
to the yawling moment applied to account for the change
in position. 1In addition, a callbration was later made
to determine the angular deflectlons of bomb and rudders
under the Influence of the aerodynamlc loads.

Strut tare forces were measured with the ald of an
image strut mcunted a3 shown in figure lj. Wire tare
forces were determined simply by makling measurements
with the wires removed.

Yawing moment, lateral force, and drag data have
been corrected both for tares and for the angular
deflectlions of bomb and rudders under serodynamic loads.

Corrections for the deflectlons have not been applied
to the hinge-moment data. As presented the hlinge-moment
coefficlient is about 9 percent too low at the greatest
negative bomb and rudder angle and at the highest tumnel
speed,which is the extreme casse.

RESULTS AND DISCUSSION

Curves of yawlng-moment coefflcilent, lateral-force
coefflclent, and drag coefflclent versus Mach number are
presented in figures 5 through 18, It should be pointed
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out that the ¥ = -0.5° and 8 = 0° curves shown in
figures 5, 11, and 17 are belleved to be slightly in error
due to friction 1n the balance system during that particu-
lar test run. Thils 1s Indicated by the scatter of the
test points particularly at the lower speeds.

Derlived curvaes of yawing moment, lateral force, and
drag coeffliclents wversus sidesllip angls are given in fig-
ures 19, 20, and 21. Flgure 22 shows the lateral force
and drag coefliclients at trim as a funetion of the rudder
angle., The effect of center-of-gravity location on the
stabllity and trim angles of the bomb 1s shown in fig-
ure 23, Hinge-moment data are presented in figures 2l
through 31. Flgure 32 3 a photozraph of a rudder after
structural fallure has occurred.

Yawing moment.- Yawlng-moment coefficlent data ars
presented in fTgures 5 through 10. During the tests
yawlng moments were measured about a point 22.38 inches
from the bomb nose. In the data nresented 1n the report
the moments were trunsferred to a point 28.60 inches
from the nose of the bomb, whlich was the center-of-
gravity locatlion of sand-filled bombs used 1ln the drop
tests, mentloned earlisr in the report.

The figures show that the varletion of the yawing-
monment coefficient with Mach number is small for all the
rudder angles and angles cf sldesllip over the range of
speeds covered 1n this investigation. Figures G and 10
show the variatlon of yawing-moment coefficliant with
Mach numnber with the antenna struts remowved. From a
comparison of these flgures with filgures 5 and 7 it
wlll bs seen that the struts have practically no effect
on the yawlng-moment coefficient,

Lateral force.- Curves of lateral-force coefficlent
versus Mach number for the various rudder angles and
angles of sldeslip ars presented in figures 11 through 16,
In general, the coefflclent increases negatively wilth
Increacing Mach nunber. The change 1s slight, howsver,
Figures 15 and 16 stcw the varietion of lateral-force
coaffliclent with Mach number with the antenna struts
removed, As In the case of the yawlng-moment coefficients
the effect of the struts on the lateral-force coefficlent
1s small,

Drag.- The varlatlon of drag coefflclent with Mach
number I1s shown in figure 17 for various angles of side-
8lip and rudder angles. No sudden increases 1n the drag



coefficlent occurred in the speed range of the tests,
Curves for a few of the sicesllip and rudder angles have
not been plotted in flgure 17 to avold excesslive con-
gestion and overlapping. Curves of the dreg coefficlent
versus Mach number with the antenna tall struts removed
ere given in figure 18, A comparison of this figure with
Filgure 17 shows that for a sldeslip angle of -0.50 and a
rudder angle of 0° removal of the struts results in a
decrease in the drag cosfflcient of 0.009 or about 5 per-
cont of the minimum drag.

Bomb characterlistlics as a functlon of sldesllp
angle.- Curves ol yawing-moment coefilclent, lateral-
orce coeffliclent, and drag coefficlent varsus the angle

of sidesllip are presented in figures 19, 20, and 21,
reapectlvely. These curves are cross plots of the falred
yawlng-moment, lsteral-force, and drag coefficlent curves
previously presented. Since the varlatlion of the coeffl-
clents wlth Mach number was not appreclable except for
the drag coeffliclent cnly Lhs curves for a Mach number
cf 0,6 are skown. It will be noted from figure 19 that
the bomb stabllity decreases slightly as the angle of
sldesllip approaches zero., At the larger negatlive slde~-
sllp angles and positlive rudder angles there 13 also
some decroase in stabllity with ilncreasing angle of
sideslip.

Trim conditions.- Figure 22 shows the lateral-force
and drag coeflliclents obtaining at trim for various
rudder deflections. It will be sesn that for the maxl-
mumn ruddeir deflection of 20° and at a Mach number of 0.6
the bomb trims in an attltude four which the lateral-force
coefficient 1s -0.422 and the dreg coefficlent is 0.360.
Reference to fizure 19 shows tnat thie corresponding angle
of sideslip for trim is -10.5°

Bomb mansuverabllity.- The following table i3 pre-
sented to lllustrate rocughly the magnltude of the lateral
deviatlons possibls when the bomb 1s dropped from dif-
ferent altltudes. It 1s assumed that the bombing air-
plane 1s flylng at a constant i1ndlcated airspeed of
175 miles per hour and that the maximum bomb rudder
deflection of 20° 1s maintained over the entire flight
path. The left-hand column glves the helght above ses
level which is also considered to bs ground level and
the rlght-hend colum gives the approximate value of
the maximum latersal deviatlon posslble when the bomb 1s
released at the corresponding altitude.




Altitude of releass Apvroximate maximum lateral

deviation
(ft) (£t)
5,000 600
10,000 1600
15,000 800
20,000 200
25,000 5800

Effect of changes In the center-of-gravlity
location.- Flgure <5 showe tne efiect upon trim angle

and stabllity of a change in the center-of-gravity
location 2 inches backward or forward from the 283.6-inch
point. A more rearward locatlon of the center of gravity
results 1n a reductlion In stabllity and en increase in the
angle of sidesllp for trim with a consequent lncrease in
the lateral-force coefficlent, A location forward of the
23,6-1nch polnt results, of course, in the opposite
effect,

With the data presented gawing-moment coefficlents
may be transferrsd from the 28,6=inch point to any new
polnt by the relation

Cn = Onyg  * (cy cos xu)% + {Opp sin w)g

where x 1s the distence from the 28.6-inch point to

the new point measured along the bomb longlitudinal axls,
The value of x 1s vositive 1If the new polnt is to the
rear of the 28.6~1inch noint and negative if to the front.

Hinge moment.- Rudder hings-moment deta are presented
in figures 2} through 31. Figures 2l through 27 show the
varietion of rudder hinge-moment coefficlent with Mach
number for various rudder angles and angles of sideslip.
It may be saen that for the smaller angles of sldeslip
and rudder angles there 1s little varlation of the hinge-
moment coefflclent with Mach number, The change becomss
more pronounced for the larger angles but is not important
In any case over the range of spesads covered in the tests.
It 1s clear that any loss of control of the bomb at Mach
numbers of 0.6 and below cannot be attributed to radlcal
changes in hinge moments due to compressibility effects.
Figure 28 shows the variaction of hinge-moment coefficient
with rudder angle for varlous angles of sldesllip and




Mach numbers., Flgures 29 and 30 show the warlation of
hinge-moment coefficlent with Mach number with the antenna
struts removed. Flgure 31 shows the varlatlion of hinge-
moment coefficlent with rudder angle for the same con-
figuration. A comgarison of these flgures with fig-

ures 2, 26, and 2B shows that the struts have no
aopreclable effect on the rudder hinge-moment coefflclent.

From tests in the INMAL Instrument Research Divislon
on the rudder and alleron operating mechanlsms 1t has
been determined that the maximum torque avallable for
holding the rudders in a given poslition is 200 inch-
pounds. For a rudder deflectlon of 20° and the corre-
sponding angle of sideslip for trim of -10.5° the total
hinge moment acting on both ruddsrs at a Mach number
of 0.6 at sea level 1s 52 inch-pounds. If 1t is assumed
that no change in the hinge -nmoment coefficlient occurs
between M = 0.6 and M = 1.0, the torgque required at
a Mach number of 1.0 is 1,5 inch—pounds. Such an assump=-
tion 1s somewhat doubtful, however, and 1f appreclable
increases in the hinge—moment coefficlent do occur, then
at or near a Mach number of 1.0 at sea level the torque
may be insufficlent to maintain the maximum rudder
deflection of 20°,

For the maximum alleron deflection of t6° and an
angle of sldeslip of =-0.5° the torgue required for one
alleron at a Nsach number of’ 0,6 at sea level is 11 inch=-
pounds, Assumingz as before that no change in the hlnge=-
moment coefficient occurs between K = 0.6 and M = 1.0
the torque requiroad at ¥ = 1.0 1s 30 inch-pcunds. The
meximum sileron torque avallable at the 6° deflectlon was
determined to be L0 inch-pounds. although the assumption
of no changse 1n the hinge-moment coefflclent betweean
M=0.,6 and M = 1.0 Is more reasonable for the case
of the small alleron deflectlon than for the larger
rudder deflectlon, the margin of torque avallable over
torque required at the higher speeds 1s not large 1In any
case,

It would thus appear desirable from the foregoing
conalderations to employ both alleron and rudder
operating mechanisms more conservative with regard
to torque avallable.

Rudder fallure.- During a routine inspsction of the
bomb upon completlon of a test run 1t was found that
fallure of one of the rudders had occurred along the
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spot-welded skin joint at the hinge axis. Up to the
time the failurs was dlscovered 33 test runs, each of
about }5 minutes duratlon, nad been completed. The
fallure eppoared to be duse to fatigue. Figure 32 1s a
photograph of the broken rudder,

CORCLISIONS

Acerodynamic testa of a 1000-pound AZON homb at
Mach numbers ranging from 0.2 to 0.6 have indicated
the followling conclusions:

1. There were no appreciable compressihllity effects
or the ruvdder hlnge-moment ccefficlients, the yawling-
moment co9flficlents, or on the lateral-force coefflclents,
The dreg coefflc’lents incrensed gradually but no sudden
increases occurred,

2., Removel ol the antenna struts from the tall had
only a s8lighi effect on ths zerodynamic characteristics,

3. The torques supplied by the rudder and alleron
operating mechanisms were found to be several times
the to»cuea requlred at a Mach number of 0.6 at sca
level for maximum contiol deflectlons. If no apnreclable
lrcrsases in the hings-romsnt coefilelent occur betwseen
M=0.6 and ¥ = 1.0, the avallable torque will be
adequnis at & Mach nunher of 1,0, Becarse of some
uncerizinty regarding the hinge-moment coefficlent at
M =1.,U, however, 1t would appsar desirable to employ
rudder and alleron operetling mechanlsms having greater
avallable torque.

Langlov Memorilal Aeronautical Laboratory
National Advisorv Commlttee fcr Aeronputics
Langlovw Field, Va., June 16, 19h)

sy C. f P10,

Ernest 0., Pearson, Jr.
Aeronsutical Englneer
Approved:

John Stack
Chief of Compressibility Research Division
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FIGURE LEGENDS

Figure 1l,- Sketch showing sign conventions for angles,
Tt - - - forces and moments.

ram~ wa am oo

Figure 2.~ Sketch showing dimensioas of AN-M-65-AZON bomb.

Flgure 3.- AN-M-65-AZON 100G-pound bomb installed in the
16-foot high-speed tunnel.

Flgure l.- Setup employed for determining supnort-strut
tares,

Flgure 5.- Varlation of vawlng-moment coefficlent with
Mach number for several rudder angles ¥ = -,59,

Flgure 5.~ Variation of yewing-moment coefficient with
Mach number for several rudder angles ¥ = -10.59°.

Flaoure 7.~ Variatior of 7yuwlni-monent coefficlent with
Mach numb3r for several rudder angles Yy = =15,50,

Figure 3.~ Varlatlon of yawing-momont coefflclent with
lMach nurber Ffor several rudder anglas ¥ = -20.5°,

Floure 9.~ Variatlon of rawlng-moment coefficient with
Mech nmumber for several rudder angles v = ,50;
arntonmma struts remowved.

Figure 10.,- Varistion of vawing-moment coefficient with
Mach number for sewveirral rudder angles ¥ = -15.5%9;
antenne struts removed.

Flgure 1l,~ Varlatlon of lateral-force coefficient with
Mach number for several rudder angles ¥ = -,50,

Flgure 12.~ Varlation of lateral-force coefficient with
Mach number for several rudder angles V¥ = -10,5°,

Flgure 13.- Varlation of lateral-=force coefficlent with
Mach number for several rudder angles VY = -15.5°,

Figure 1ll.- Varlation ol lateral-rforce coefficient with
Mach number for several rudder angles V¥ = -20,5°,

Figure 15.- Varlation of lateral-force coefficient with
Mach number for several rudder angles ¥ = -,59;
entenna struts removed.

Plgure 1l6.- Varistion of lateral-force coefficlent with
Mach numbor for several rudder angles = -15.59;
antenna struts removed.




FIGURE LEGENDS - Concluded

Figure 17.~ Varlation of drag coefflclent with Mach numbér
for several angles of sidesllip and rudcer angles.

Figure 18.- Variatliorn of drag coefficient with Mach numbér;
entenna struts removad.

Varlation of yawlng-moment coefflcient with

Flgure 19,-
sideslip for seversl rudder angles M =0.6.

angles of
lateral-force coefficient with

Figure 20.= Variation of

angle of sideslip for severel rudder angles XN =0.6.
Filgure 2l1l.- Varlation of drag cosfficlent with angle of
8l1desllp ‘or ssveral rudder angles i =0.6.

Flgure 22.~ Drag and lateral-iorce coaffliclants at trim
versus the rudder angle for several Mach numbers,

Tgure 23%.- Varlatlion of yawing-moment coefficilent with
angle of sldeslip for three center-of-gravity locations

M = 0.6.

Pigure 2li.- Varlation of rudder
wlth Maclhh number for seveial

Flgurs 25.- Varlatlion of rudder
wlth Mach numhar for seversal

Figure 2€.- Varlation of rudder
wlthh Mach number for sewvsrial

Flgure 27.- Variation of rudder
with Mach numbser for several

Figure 28.- Veriation of rudder
wilth rudder angie Jor
Mach numbers,

Flgure 29.- Verlation of rudder
wlth Vach numbsr for seversal
antonna struts removed.

Figure %30,~- Varlatlon of rudder
wlth Mach nunber for seversal
antenna struts removed,

hinge-moment coefficlent
rudder angles ¥ = -0,59,

hinge-moment cosfflclent
rudder angles WV = -10.50,

hinge-moment cosfficlent
rudder angles V¥ = -15,50,

hinge-moment coefficient
rudder angles W = -20,50,

hinge-~onment coefficlent

saveral angles of sldeslip and

hinge-moment coefficlent
ruader angles VW = -0,50;

hinge-mcment coefficlent
rudder angles V = -15.50;

Figure 3l.- Variatlion of rudder hinge-moment coefficilent
wilth rudder angle; antenna struts removsad,

P gure 3%2.- Rudder fallure.



\ Wind direction

—t-

Aileron

. NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

lgure | .— Sketct showng Sigrn converntions for ampkes,
7orces, and 1monesis,




6755 B Hinge ax/
2860 > % g z/f
22, 38— 7
! Sk
Wind dlirection ﬂo v o 3 ,\LQ
Su,qoa’fy\ *\Q\) B X S
3| Assmd c G e % | e
g Location””| o
4/

0

Mg .
,4 i
5440,00//* sirut l t
-1-5——»-

_.,‘___/32____,_

174 >

S fd/ﬂﬂy NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

All dimensions are i micﬁes
Fgure 2.~ Sketch showing dimensions of AN-M-65-AZON Bomb.
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Figure 3.- AN-M-65-AZON 1000-pound bomb installed
in the 16-foot high-speed tunnel.



Figure 4.- Setup employed for determining support-
strut tares.




"
T
n
Tk
T
Lt

% AN

2

i

I W}

1

TF

N Ay

| g3

 AE]

Ty

(NN EN)

T

T

d WA




e

%,

' M
A

|1--
o
I
H NN
7 = suxE
ot Ll
Ean Amand TEm R
”l. - ot gt
nEaTY EYEaT
= i) suman
HHH Zane
HH
Hann

)

I8 NERES EY)

£

T

IR ARSEY BN)

T

%)

N oy

T

1T

I R MEN

[

T

)
[ A3
tax
1

i

o

T
1

N |
[ |
2 |

RN

A |
T

NN NN
YT

i

|

¢ L 0

Y




muu H. BEn NEEER o AuE m m
) Nt H
Tl M.E a
u o
u H - ] i
a T uwe, A
. e w ENE
= | 6§ TrY
= s H
L [ et - 1, bt
1t . 1L} - L] L] %
ok A - WA ROON 4SS R " F Np NTERR
i = W AR AU EEF ‘RN ! = e
- 1~ L A T 1 1]
I
T
He - ~EEEEN
AuLy SeEEE
I xm POy
puam " w sy

i3
A




T ETTOTS T oL
| 1 H FLh ;
2 18 M “
t
i b £
ot 4
i 1991 1 1 i S
+H H wpns YRR vy EEana
RN 1L N gt
& HeE H
SREa Ay L, -
nnu 2k ) I |
REAT A aun H t
L1 .o T
H nw Elgat ]
& ) ) ke ARE 3 NRANE
i I A ma 1 TNF
. WER e (13 awnR
H T FENE -
F - - -
A = el i
L gz naxd p
new ma HEH
: rh
) 4 N
A ha n diln 11 ERuRE MRl
i sajiah i teqen T
ar = 1
N H
] : b i
Py BRENK|
ol
1

! #ruf
s

1
.
pha

INSPRRNN

e S e

s

¥

T+
13
A
)
f s
¥ i
i
fapudl &




g

i 434

i imagaaw
vl W e ma
EEEE] wew - g "0
¥ P
¥ EaEulh
1 Bt e
1 1 ] r
¥ i s 2R
11 ! N
WRSE Suiz 3
- 3 % Ym
S AR
Tias oo it o
RaRS ER Sy =AY, 53
A i} Mo
H H
i =y
wwa Tam -
. anpn H
T .
1
w A &
: a + tl
- EEpEES ERERW H
et 1
s, T o,
; s
nm T mau
b b
T ] HHH }
" ul[l L]
n wan r
& MEARE X SNENY S|
SR YRS uws = WK
Ens T
s 1 H
;
- T
! waa)
H3Ty .
MR A N WL = MCRER
Supay ) Eamd
as wau i’ d
EEEE 3N =h
T el 1T .,.vl.T
i mea il am
e : e s o=
RRawks ban + ot
T

[n
L
L

ANAE A
[

H mEwa
T

[eas
T
T
1.

A




HL FrHey T
A o RN
e H 35 i
: H
HH it !
i
o
H R HH
e axns
-1 b
W S 4 0N 1T s Ewayn
et R0 aEumE YRREAT R N
SRR Idkes RERVEER R Hn
. e H

i

T

oA

SNEY RARYR RN




R R
ﬂ e Emeun
- 3 H ]
Il -1
NS REEE A R AR
A u ] §, REEEE
H H um
aRal et
I HNMAL D andw
. SEEN
VT
u Eaas
wnnd
’ e HH
w
naEm g
» mans
NRNNE (R
Raney O il in e
maw [
N} 5 EBERN
A H
, sawm B
T uana H H
; EE® Hr L i A
4 uwE e 6 lmiwnuat * imawy maay
Es T
« ) 1]
[RRAp ¥ mm g AW 1
N [SASH Sutny punE. v 1 rng N
B o o 4
w T 1=t & L]
T A
R " T “A_—wi 1]
1 1 11
I L =
3 o Sum uw i CEN]
Rymsmsanas: e f o
Iy 1 a
i s SN
St i T ]
i 1T ] H
f
. " T
T
pans Apnre s ] Eua
4 T T
1 " T 1
as @Hu amwny o, I
TET] g & f A ANAS b e o T
1 1 T I H) 1
" b 1 ] n_IL\
A REGEY SR N T AN SN
T T !
gt + : . H._
i) a f i W
; |
Easn : ] & : :
Hrths : I Gaei i T ARas
i i I .
S BN m .
T RREE
i FENY RO
- e




S

F 5 it i ¥
(I e 1Y X ¥
1} T N
3 Bamsa T
AT
" il o 0O i NN N
R ) ) u 1
j1d BRu LY
E i
! " 11
! M
[ = H H LUNCS.
sanw wai
mRw M AREAR L EEBSEE A n=x
= H 1 1 +H
Fg I
nmﬁll|1 H N sk
wn ¥ - W
™ rH . Jh
Y IS
1 s 13 A
t
1
t
{
T I
1SR R
al n It
T ] Hl L » -
1
i JALE 8 = Feusn | ugansHeNE § ide ima, a
28
n
T
b
1
} + T
¥T
1 I
TR
i ewkay
+
| My
I o
SNgn naw i Sains
HeS
1 g1t |+
T § I &= NEEE
: NE. pRESE
] 1
T T ! T napma
“ T 1 T 0 T
i
I s .
. ' iy RN
FIRREUN U4 - At . .
WERNE SRRl WAy 13
-] =
R
HITEH
- et s ] T 3 u
EO N ) pauws N
T 3
1 1 I
0 A
>
j :
b T
FRaE S -
1 b
] S )
BEwu Sohy AR gy /] 1 I 11
. ; ;
+ e g t : :
: + t
KRR uEN S i
Eal R Hif o AW H-r} t i !
- z L H ) L L 1 T




. - ;
T " $
+ | § : e
e st 1] T e
H ¥ T
; SE8
: HH
. = i
L4 Y {3
ﬁ. ahas i E2as
)
F4 v it
o Eaaag T
: , ] Gt
s ¥ bt warn b
_j T H
, i e : i
s : r - . T
T LY

.- |

T L.‘ il IEN
1] A
.h, . ““_HT ! 1t f
; i
W BeaE w LT
. H e H Sndmx
Ny ¥ H H T

. B IRV RN EE g
: un
i3 - y 11
H s R
. : .
I -
1 5 i
gazm yma] T
=8 Auaiy kg
ENGENE 4t 1= 1
i 8t -+
N
- T
+ : = 1
T - » TN 3T
- 1 .Tl 3 Y §
: AR AN, EREEN AB.
1l B S ahy L
0 mirs : A ! ¥
i RN Sy AR T
] n REN S !
” U 1
+ : *
t Rassdn s ol +
T 1
ARE {1 [RER KW
ER N T
i ireord ehbon suaas
{1 1 U AR R T
ANRY) L
. . 1
I 1 Y e &
T y
T § .
I W }
] B 1 !
: o
ke 1
; t
+ 4 ﬂ__
1 !
1 S ye)
: it




1 r  a B 5k - xl:
a A I H R = S
1 NI T SRR ARy %
{ ] a
WK [ .1 lhnm
; e n
I FECOiTT
1 TN
. + 1
1 1 ‘ 3 AN TS
i IR TRa Ry Ansit
» (v & " o
I W A NEARN L
3L sk Qang u;
i Bagn iglgn
O : ! HH - . 4
T I BRSN o M
b T WA, »AMMNE
. T 1 i fonpeindad
) v [ |
3 1 A, i1 J
EAgLEl ! Y wul
1 |
. 7
i 3
T 1
B
g } Bew - 1ma 4l
+ - i
anlnpas
T
1L B
B 1 ]
., +
T + H it
i
- A 1
4 J:
mapEauAN T
B! REN 1+JL
Hey
2 ¥ 3 e s T i
= I s
e
1 I ¥
| a4 3
ik e
I3 ]
1 (] 1 ]
JE 51 LI o




RRIUEE @
%, 4K W
X 8 2 e Ny WA
u e r a
2 EBE SRR anaE
N AER i H
.
T
I FRE IEAEN

3T

R N
1 5]

11

T : 51

[ Y

'S
1

A
1
L i

(
T
t
1
W
T
y gl
) FAS

N

1
IR K

9 &
")
™
T
It

WA

17
T

1}
T
L
1
1
1

: ENE R




T
I ¥
|
Ht
XY Y
L
\LupmIAAEE | gEmEn
T
A T T
iai H H
. . — jd]
e
T.
aw I HH
% i ] (37
P L% wEn
ACH SN Jd T REE rt=14-4
SR Ky ! mE ' EREa
; dod
g % ! N
um IS
nw N
my
guER” lebaE T
T
! ghEES
T it |
TN PR T
uh o 3
\
o RERR
0 Y
[ '8
H o v
1t
bai
it t iaEnss deupeinant
11 newh L
i RN
s T
1) R
3 =
1
} (A}
L 1
: nus
t
: gun
4l H
L] X . fi4 1
ua HAR| [ TWREAN
i1 SREW
bt
; ) H
T " Zun
71 ]
L Ll
NN AR
H - g
Ny
; un
: orkNE" - EhuyuaEge
! I i .. ol
i d
p
1 e
SwRE. VR
=
1
ue
T 4 i+ ba R
H T
Exbngi " juns




ey

+*

F

T rYTT u
) | G A‘w
T ) T
'y L8
? I
T 4 uz
1 i
H H il
. 2 i H
FHH R 1 {3
A auR I
Ry P x;
e = I
T . » 2
L %3 T
x o T
: § X
o} T . 3
: 1
o b & -
- a3 w ot
i3
(n 1 ¥ T
X 2§ X ¢
X I
1 .y
) T
ny
1 3 ] i s 8 n
| ) n3 \ 44 1D 1 il
' 11 N3 T 1T ' 58 ¥
1 e Ve ] 1 tr i) 1
. ¢ ') T ) (s T T T
4 ] | n; ) T
H H v H 4
£ R T ' 3
- Lt x H
8
L3
3
1
- anaIm -
3 =) 1 95 0}
3 13 ) | 23
1 ) § | a8
(43 ' 3 L
L 18 s | ’ b
1§
Adunw a
W " 1 1
i3 1 f 1 1
ih o 18 i1 L 1} r i
1T ' 13 n's T y 15
I ') 1 T s
1) 15 L3 g
T 1 Vi) it
o s anm e 123 u
11 amm ma i1
CHY BEY a 4t o
H i1 13
1T o8 s
V51 ] Ve & 1) 1¥
193 .3 3 ; 1 8 )
18 g 13 i3 § : <o 1
181 8 a3 11 1
13 s in 4 18
X

2

.

1
T
T
L

i
H 4 1 H T H Sat s
»a s I 10 I I Wi 1
=+ ) it T 1 81
wus 1 n ks T L N
v h st 53 n
o REEdaan i xnead L =2
b = e

Y4

-]

asn

=2

<o

[

CE T

coeflfic /'enf. with
Several angles of"
K

g
sideslip and rudder argles

M

Variation of dra
Mach number rfor

e 4

rFigure




T T
T
uny gad T
T
a pawsw nsne
W ENA g B AmEEE
Huax 3 H
" i
: - " o W -
1 B g
N SR
] L] g ene
A 1) H - ettt
I3 y ABEN
-
SINN ARRvRANSE HA3HH 44
SUEN. SNEREN (i O S
o - X e s
¥ -1+
n 1
mEay 5 H
NREE L1 I3 " ¢ v
xRN a8 3 o T
e n algun. T - -
H L W3 L
nan L ¥ 1
. 181 T
1 t 1 RNRN ]
u A 81 g %
Nz u 20 u | I s £ 5) ]
REES 143 e e o Ty
- = 4 =S § BuANE
1 e 1 1334 1713
- n | " __H Il e H‘.AIMAI
jaEEtas ! JEE e
b 1 A § ]
1 1 I 1 T% »
nae 3 I
A BNRLBReRuR
AT 2 ) AR 1
. 1t
a
i 11} 0
0 1t
, n
g sxam
. S 1 & e
. 1
47 1
T
)
K 1 WA
HH ]
aanw
{5
ru
San 5
2% y it o
. A AWE
7 T
)
o g
0 ; it
ana T
I
RN a8
. A e
:
n ]
T } : HH HHFE
L)
n) T e
H T




™

.
N}
:
:
t
I o !
it 3
I Al
;
L 1.
:
1-
T @
1 1
_
1 i
S
Y
IRk
{
ol
1
“ i
REW - % ) i .

A
neE L
8
-
N
e o It

Y

H-d




"
1

T

¢ W
Lo

05 o

1

'
¥
11

TTF

N e
1
1 HH
“ )
= Yo s, ERENR
kN
+ sEmm
n “ LN
g t T kRana
1 + |v.‘
: mugl hxpne
; TN
] Eumas
; idw i 11 R
B T
ama ™
I’
N
) AR En s hREIngn
} L} x
T 111 g st
T 1 h - EN)
! man
HO N I
£ ! B
44 11
- 1




T T 9% Enwmn: T T
T IR RN 3
T T N SRR +
n SR NAEEE] T =
4
g £
- pEEN
b Suwkx
o
1 .1
X ]
n 11 ]
. R I "
u 7 ]
AW, *
. + - AL =
] 1 T
. I
i dd
B 3 o
1 REAR
puuak
- 1 NEER
1
1 "]
An 7 4i u ¥
A b AZEEy
4 1
3 : T w1
! .| "H
1 . |
¥ & 125
ﬂm aut
1 » o :
@ gui AW N i
uu Ao
I u
A T
T il 4w
Ru 8 ua Wy S NP2
2
(¥ sk 2 |
T11 TN
g
{ Y
e + e " nws
T I i T
1 - i 1 1
H 1 Em..l
] T
T b | I
N
1
T & aux
1 a XS
: 5
i 1
ZEENR ! HoTH 1 HH
1L T 7 I e
R EVA p 3
TERLa AR m Numa ke wan ke ui AR
|
L T
KRaR 3 RS EUBRY KRES ) R CT g
" ~
]
1 T o 1
) I H (¥ )
I 1t Tt
3 Fam 2o g J %
1, s
i
= WA
] H




T 1T
T T T
t
. ! 2
f i
T
ane ]
n
ant =
T Bn !
5 n g ;
g i
1
t
NS BUENESRERY BERAN ]
uu ks 1T B
" 2 1T MK
.
1 R}
. 1] “ id
11 f {41
. ihy mmam = =
= T ny | N N
! R 4 pod-b
T » ke
A 1 i.Q
R
u 1
Il i
d +
[T .
1 I
enpssiasl T
{4 31+ b&ﬂ.ﬂ!!&.%lllll .
. i ne
: T
v I
it o
IOy
T H+ chEat FH T
T
L 1
AR Y RNAK Y
X " g PR
fEn : o -+
1. L3
L 1
L1 i i
1L .
. e AR T
|
175 ¥ »
i 1 a7
1} as) i B
) " 34
: ==
T ¥u
i
)
3 T NG
X L
. i AR 7 HAHHEH 1]
. | 8 .
. . WD ARgHE R
t ¥ EXR
1 i Ers
; EEuguh i A
L .l - -4
axl I 3 by
M | Y ne
BESEa2 SEEELKE ] bt b 2y rH
' o AN
i H H
B , . -
{) ] 3
Bs
- 3 !
1
T
T 1 }
T -+ 2
3 I




Tttt

3

H

(]

spnEn

Tt

T
¥

It
T

(MR

"%

A RN |
Ik

yERENE

da

s pEE AN

T

e
T

(L
1T

1
(2 EERER]

IE A |
X

ot

-

(W
1t
T

i1
T

1
1
W ¢
11

L
1
1
£ 3

I WRR]

1
I




4

yua
]
')
i

1
u}

(3]

171
1
T

T

i

1
I ¥ )
oL

N 2w}

AN

i
AR R NN N
NS uE B
1w )

t
1

11T
) xws

e 1

(154

{

1334

TR




HEH-

~n |

N Exwan o
» & .‘, -4 BE R
A N aEEysuEa. )

H T & WxmEa 23 K ]
FEITR R ]

HECoN
8 oum ; o ey o
: 1 e S wuasa
L s ot pEEn Eaana
o gy BT HT
ST EENEE
siEa.) SnmnlEEEes
RRRE ) Am ) mamnx
T 3
REa e ax =
Hroa e
ChRe
EEn, mwmEk

I
f

1 &
I 1 R
Ha- Ra, Junas
e = 3
X i} 13 .

Wnax iR {ex

SEE =3

(B0 S WA

,ﬂ] » xuy
: il 3
! > Fo
1 H TRYH muk
" s camn m muwE
s T MR - ] T
: £ass dNRAS
J
SHEL BERAR
T pn
T — i
g

T

1-,1
===
SRSV I8
[ [
]
j
_
:
L -
k pais
:
13 11




Ty i S ureks anbey
£ H e
AR b I A . =y
H4-3 3. I § AN ET tor.t
82 nu: Esne =a
jau i EKN & wan s o
o 4]
e ﬁ o
J4n WK a,
e
nt pogudent
i ]
‘ « Wy My
et Wy
Fre)
A
X == z I
ﬂ N
2 rH
Xt | ] .
RENEEABr VAR B na.
o anu =
13 = nw
L 41 i Mun A
] nsum
5 MR -
pEER ERER: a
BRERE (ANDE H F]
8 R L1 u Awwy
Cro il H i
L I T m HTH]
smad imes o
mn 17 H
pAm une ] o
SRaE I=E E H
M H 58
EEEEN AWWH - uE
1 PR
EmER RN
R o
H FEE e e i
{ I Il e
1 11 1t 4 - 1 -
visan 1 RESAE SENRAG) SE 1) B )
WESEN. BNNEGN IRE ¥
EwL n) T s
T
£ 3
R N . -
5 amuan s H
T 1
25 an - R HRH
amE. ST
» ] ’ puan
"
3 : tﬁ t ) mE AEw ARRERN
=) 1 . f .4 : i
; i a i Jid ; (o b el
} 1 W | FH { H =
= REWE RS SN EMRY b .
o R } i
1 T - S
0 ! : REEE DY -
SRENY ERAa ARRE §EaEEER
¥
1 h 1
y
L) . (;
i
'
F i |- -+ T
s 3 T
! ]
i 1
¥
~ { 3




1 pm T s (REAwmaE Empman kunn mm
H3 H H Ao RaAN SRRARANEAS aEa!
Ex Bt a H S
a1 t H T HEHHH
HH e IERNAEEE e
(H sEEazan na S
HH % o T
H- 5, tRESEEEEE
=8 5 i
i e i o5
== EREslamexsoENEEE 3
iy NP, SEEBENIEENEY H s H
¥ w o -
H T ab H
t ]
) 14
3 T nw ®
f aEx a
ES IEEAN. )3 BER AR ﬂ pus H
; mERN VARaRL ISR
ua2 ZakEi mzxam 3
1 . +
L3 L
HH
: & H
! e N
" ; -
H it RanL
i e
¥ LA N e
g 1117
wkas
R
; HHH sasiges

1% vl

s : : EEvasraas
f
mam H
g ivineane e " REwa SRmE A O i
§: ek N =
i HHT H
2 1.
;
my
M L 1.
L |}
Hh o H
amuday » 4
T 1 =1 Bn “RENN
1 31
AT
A ¥
Eug \m a
ik £ !
4 28 H
- Ex 1 g8 ST
1
1 Haua
HH nxa
an i t
HE R
H 8 SEadraREa
Hr = , T+
T T
FAFT
L%
| 4 AMaNK
o8 amEs
o
¥

1T
")

:

1 % 4




T
]
H 1
$
el
" S5 i =
;) i
1 -
4 :
; b
. 1 " x
;
: ;
. Tt 1 "
=) RaAREE: RN/ AL T
K : H H ]
3 ﬁ: ﬂr o i £
. L] w a 1 - HA
+ H 5 H aatmiias s
oy - -3 » B
1 o E _—
HEEEH T Iacanamx IT
T as o rt] fuy s i 2o § 8 aim xE E
siniiazs O N Hs H
A } BEsaimd sa14 aaa H
hanm 2 AN ] ¥ a! x
SEniEss o gassamizie 2
Hic HH i 4 H
REE: N R H H -
—— = 4+ . e e
rrgH T
i i
L 3 T
f
11
tH
H i ()
H HH
ik o
' ans N
" :
5 ! - i %
S t ¥
AsE i = i T
maua 13 1 'y
Lt H
; 2
f 5’ L : A
H T ,
- T M
. T r
| y A
-l L]
m tH
amus
- -
SR N W N 1 1
[ a8
Earal H
=, H
- H
¥ H
w
Ak
g A
+ 1
=y
N3 4
1)
1 X H
HHH H
e i
I} R S
K

THE

w3

TIT
WM

a xi

TIT

IS ERRER UR R

IFusE

NS

RS SANEA A NEN]

S AN A

ot XN K1

s

1383
171
1

il




T T .
1)
: o,
. . b SE7 ) Eauny
o= 8! o
i -} ’.l ]
- -+ s -+
i NEZxERG. s UN, LEBNESRRR 1 1
= maEiasu ] RS
| My R I
i . EaERY) wRRyE i
aan n
T H I
» I
- NS SaAEaar NEUEE
= I o L) ¥
o LT .
¥ LTI
S ]
i
o e
ns X
L .
5
WM o EE o
LN O o
T ] T T
+ mm wa
T I o L
1 SR
i 1 1
e >
] T3 § i 1 1
¥ T BRAYE
§ VR R BRAVE
1 T =
weRaE Oul S isaaal T 5
BRI - M o
: : i
] 13 1
44 T 3 B4\ T
1 X Iwi
NN pEEN s 9 N 8
. e i
= 1 N
H o
] X H
= 1
e » TR
N = =
T o
53 Tadanus
o i
' | n | -
: o
: NERN BEE e
T H | i KRN
© uan
1
1
1
{ I
18§ 1]
RES - Eumwy
w0
- p
T 5
T 1 T T
s t ; ; a
T } T T H
£, 4 Ty ». 4] Tt
i TLpir oA T iy
i
T
= 1] I
k]
' :
; _
i s ﬁ w
I i 1 T




2

1T
N

)
s Ml
(2 )
i

T3

14N W)
1
1§

' i

e u

i

T

(SRR S MR MK

I GRS B

1T

T
L

T
1

INEERE K]
T
T
L
i
i

T

y s

11
1}

pis

1
|
81
Lt

[

i

N

Eu 1
Ll SMEas SEREN
Wi h




1313

TH

1t

s

it

10 S

L W)

T

£

T

Ly

T

T
BN R A |
UL 3O

FEe e e

TEE]

iasypus iannna

LT
T

13T

i

RS )
T
ym)

T

r &)

=

1

x
n
raey

g

i
193]
RS NS
LLI

= Sy

s

THTY

b 3

3T
T

y

L M|

IR

&.._-

8 SR
T
(o o W}
1 2

T
ya

e

(@ yRMEE NN

TETITS
AR A

Y X

WA

L4




Figure 32.- Rudder failure.
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